Objectives: To assess the prevalence of hepatitis B virus (HBV) infection among married individuals and to analyze the associated risk factors of HBV infection in vaccinated and unvaccinated groups in 2006 and 2014. Methods: Information of married individuals aged over 16 y with a clear HBV vaccination status was extracted from the database constructed by the Beijing Center for Disease Prevention and Control from population-based investigation.
Introduction
As one of the most serious public health issues worldwide, hepatitis B virus (HBV) infection could cause lifelong chronic HBV carrier or lead to cirrhosis or hepatocellular carcinoma (HCC). 1, 2 It was estimated that HBV had affected at least 257 million people worldwide, 3 and about 90 million people suffered from HBV-related diseases in China. 4 Liver cancer and other chronic diseases caused by HBV could be effectively prevented by HBV vaccine. In order to control the ascending tendency of HBV infection, the World Health Organization (WHO) encouraged all member countries to popularize HBV vaccine immunization. 3 As one of the member countries with high HBV prevalence, China responded to WHO strategy actively by recommending HBV vaccine immunization for newborns in 1992 and took HBV vaccination into Expanded Program on Immunization (EPI) in 2002. HBV vaccination for newborns was free of charge after 2005. 5 China also launched a HBV vaccination project for adolescents and adults since 2006. 6 To realize the goal of better controlling hepatitis B transmission, China government even encouraged some conditional districts to take effective measures promoting adult hepatitis B vaccine. For example, free vaccination of adult hepatitis B vaccine was executed in the Chaoyang District of Beijing since 2017. 7 Nevertheless, the number of HBV-infected people was growing year by year. 8 HBV had threatened public health and induced serious social panic in China. 9, 10 It is well known that risk behaviors such as dialysis, blood transfusion, or tattooing were shown to be related to HBV infection in earlier studies. [11] [12] [13] In addition, HBV was vertically transmitted from mother to child or horizontally transmitted by transfusion of HBVinfected blood or body fluid. 14 Sexual contact is one of the most common routes of horizontal HBV transmission. 15 Similarly, intimate behaviors of spouses such as kissing and sharing things with each other may also lead to HBV infection. 16 It still remains unclear that whether marriage is a risk factor of HBV infection or not for those who have been vaccinated. Although a study in Gambia reported that marriage was not a risk factor of HBV infection for vaccinated females; 17 there were contradictory evidence that people who had a HBVinfected spouse were at high risk for acquiring HBV. 18, 19 Majority studies on risk factors of HBV infection among married people were cross-sectional studies with small sampling, and subjects in some studies were unvaccinated population. 13, 20 In China, there were some studies reporting the prevalence and risk factors of HBV infection among couples in rural area. 21, 22 However, study on risk factors of HBV focusing on the vaccinated individuals who were married is rare. Our study explores the risk factors of HBV infection for vaccinated and unvaccinated married people aiming to examine (1) the prevalence of HBV among married individuals in 2006 and 2014; (2) the risk factors of HBV infection, especially infected spouses, in vaccinated and unvaccinated groups; and (3) changes in prevalence rate, risk factors, and relative risk (RR) value of HBV infection among vaccinated and unvaccinated individuals between 2006 and 2014.
Materials and methods

Study design
A cross-sectional study was designed to examine the risk factors of HBV in married individuals. All of these individuals were divided into vaccinated or unvaccinated groups according to "whether vaccinated or not."
Data collection
We employed data drawn from the serological surveys conducted by the Beijing Center for Disease Prevention and Controlin 2006 and 2014. 23 The surveys mentioned above covered 5078 (in 2006) and 6705 individuals (in 2014), and participants over 1 y old were randomly selected from 20 communities in 10 districts (10/18). A total of 1523 (in 2006) and 1047 couples (in 2014) were included in our study for the purpose of analyzing the effect of HBV vaccine immunization in spouses ( Figure 1 ).
All of the vaccinated individuals were screened for HBsAg, anti-HBs, and anti-HBc before HBV vaccine immunization until 2012. After 2012, the technical guide for adult hepatitis B immunization in China recommended that screening before vaccination was unnecessary. 24, 25 The status of HBV infection of spouses was diagnosed with a serological test. Furthermore, 172 individuals in 2006 and 472 individuals in 2014 whose "vaccination history" were "uncertain" or "missing" in the questionnaire were excluded from the study. Finally, a total of 2874 and 1622 participants were enrolled in our study in 2006 and 2014, respectively. Information on demographic features and risk factors were collected by questionnaires.
Laboratory tests
HBsAg, anti-HBs, HBeAg, anti-HBe, and anti-HBc were tested by microparticle enzyme immunoassay (AXSYM Plus; Abbott America).
Measures
Definition of HBV-infected individuals
Based on the prognosis of HBV infection of HBV infection, we defined people as HBV-infected individuals when one or more of their HBsAg, HBeAg, anti-HBe, and anti-HBc was positive. 5, 26 Meanwhile, we considered HBsAg, anti-HBc, 27 and anti-HBs as outcome indicators to examine the risk factors of HBV infection.
It is a common sense that anti-HBs positivity might be induced by vaccinated immunity, 28 and so we did not consider it as an indicator when defining whether individuals were infected or not. However, it was also known that single anti-HBs positivity was a symbol of recovery from previous HBV infection without HBV vaccination, and so we regarded it as an outcome indicator of HBV infection in the unvaccinated group.
Definition of risk behaviors of HBV infection
Risk behaviors including history of endoscopic treatment, sharing syringes, ear or body piercing, dialysis, surgery, dental treatment, blood transfusion, and tattooing were derived from the results of the questionnaire.
Statistical analysis
Pearson chi-square test and Fisher's test were used to identify the association between serological markers of HBV and independent variables. Logistic regression analysis was employed to identify the association between age and serological markers of HBV. RR value along with 95% confidence intervals (CIs) of each risk factor was reported. P-value (twotailed) less than 0.05 was considered as statistically significant. All the analyses were performed by SPSS22.0.
Results
Characteristics of socio-demographic variables
A total of 2874 and 1622 participants were investigated in 2006 and 2014, respectively. There were three subjects who had experienced dialysis, lack of the adequate amount of analysis. There were 54 males and 78 females in the vaccinated group, 1374 males and 1368 females in the unvaccinated group in 2006, 86 males and 95 females in the vaccinated group, and 724 males and 717 females in the unvaccinated group in 2014. The mean age of individuals was 49.30 and 46.68 y in 2006 and 2014. A total of 138 (4.80%) and 294 (18.13%) individuals were living in rural area in 2006 and 2014, respectively (Tables 1 and 2).
Seroprevalence of HBV markers
In 2006, the overall number of HBsAg, anti-HBc, and single anti-HBs positive subjects was 138 (4.80%), 1236 (43.01%), and 166 (5.78%) respectively, which was 76 (4.69%), 620 (38.22%), and 230 (14.18%) in 2014, and the positive rates of these three serological markers in vaccinated and unvaccinated group are presented in Figure 2 . The number of individuals who had HBV vaccine immunization history was 132 (4.59%) and 181 (11.16%) in 2006 and 2014, respectively.
Risk behaviors of HBV infection
In 2006 and 2014, 311 (10.84%) and 174 (10.76%) individuals had experienced endoscopic medicine treatment, 19 (0.66%) and 269 (16.62%) individuals had shared syringes with others, 730 (25.42%) and 420 (25.91%) individuals had body piercing experience, 999 (34.78%) and 510 (31.54%) individuals had undergone surgeries, 1646 (57.29%) and 825 (50.96%) individuals had received dentist treatment, 214 (7.45%) and 110 (6.79%) individuals had a history of tattooing, and 196 (6.82%) and 68 (4.20%) individuals had a history of blood transfusion, respectively (Tables 1 and 2) .
Information on spouses' infected status
In 2006, there were 15 (27.78%) infected wives and 40 (51.28%) infected husbands in the vaccinated group and 544 (39.59%) and 644 (47.08%) in the unvaccinated group. The number of infected wives and husbands were 30 (34.88%) and 37 (38.95%) in the vaccinated group, which were 241 (33.29%) and 244 (34.03%) in the unvaccinated group in 2014 (Tables 3 and 4 ).
Risk factors associated with HBV infection among the vaccinated group
The results of chi-square test and logistic regression are presented in Table 1 and Table 3 . For the vaccinated group, no risk factor was found to be significantly correlated with HBsAg. But we observed a significant correlation between age and anti-HBc in 2014 (40< age ≤50 versus age ≤30, RR = 3.03, 95%CI = 1.04-8.84). Gender [male versus female, RR = 0.60, 95%CI = 0.36-1.00 (2006); RR = 0.71, 95%CI = 0.52-0.97 (2014)] and age (in 2006) were significantly correlated with single anti-HBs. Tables 2 and 4 ).
Risk factors associated with HBV infection among the unvaccinated group
Discussion
In our study, the proportion of individuals who had accepted HBV vaccine immunization increased from 4.59% to 11.16% from 2006 to 2014. In 2006, the overall positive rates of HBsAg, anti-HBc, and single anti-HBs were 4.80%, 43.01%, and 5.78%, respectively, which were 4.69%, 38.22%, and 14.18% in 2014. The positive rate of HBsAg decreased in the vaccinated and unvaccinated groups as well as anti-HBc, which was attributed to newborn immunization policy launched in Beijing since the year 1992 29-31 and immunization policy for adolescents and adults since 2006. 6 The prevalence of single anti-HBs positivity increased in the vaccinated group from 2006 to 2014, which might be caused by the lower cost of HBV vaccine, improvement of income, and promotion of complete vaccination rate during that period. 32, 33 However, we found that the positive rate of anti-HBs, in the unvaccinated group, was higher in 2014 than that in 2006, which was contradictory to the change of anti-HBc. In addition to the impact of sampling error, the possible explanation was that the number of individuals who were undergone naturally immunized after HBV infection was higher in 2014. A study reported that the naturally immunization of HBV infection might last for many years . 34 The reason should be figured by further study. Meanwhile, we found that there was little difference in the HBsAg-positive rate between the vaccinated and unvaccinated groups in our study. This result was contradictory to the fact that HBsAgpositive rate declined after vaccination. This might be due to different age structure and low response rate of HBV vaccine. In this study, the low response rate could be further explained by family history, drinking history, and the validity period of vaccine protection. 35, 36 For vaccinated individuals, there was no risk factor significantly correlating with HBsAg positivity. Anti-HBc positivity was found to be correlated with age by a study in 2014 (40< age ≤50), and it was possible that anti-HBc positivity could occur with the decline of anti-HBs. 28, 34 But this result did not occur in other older age groups, which could not be explained by our existing data, and needed to be further studied.
Both in 2006 and in 2014, we observed that gender and age were significantly correlated with single anti-HBs positivity. Single anti-HBs positive rate was higher in females than in males, which was possible that females were more likely to develop anti-HBs than males after HBV vaccine immunization.- 37 Positive rate of single anti-HBs decreased with age, which was consistent with the previous study. 34 Vaccinated individuals faced with nearly zero-level common risk factors of HBV infection than those unvaccinated, which might indirectly prove the conclusion that vaccination might effectively protect people from HBV infection.
For unvaccinated subjects, males were at high risk of HBsAg positivity, 38, 39 which might link to complicated lifestyle and increased risk of chronic HBV infection in males. 40, 41 Anti-HBc-positive rate was higher in older individuals owing to the decline of anti-HBs level with time or exposure to more risk factors with long duration of marriage. 34, 42 Single anti-HBs decreased with age, which was similar to the result in the vaccinated group.
Individuals living in the rural area accounted for a high proportion of HBsAg positivity, which could always be caused by imbalanced income, non-hospital delivery, less health awareness of HBV knowledge, lack of health service resource, and lower education levels of caregivers. 43, 44 Using unsafe medical devices might lead to HBV infection. Endoscopic medicine treatment was a risk behavior of HBV infection both in 2006 and in 2014, demonstrating that medical infection from endoscopy device should not be neglected. 45 Sharing syringes could also lead to HBV infection, which might link to unsafe vaccine injections, blood donation, and drug injection. 10, 46, 47 Body piercing was statistically significantly associated with anti-HBc in 2006, supporting the earlier finding that body piercing was a risk factor of HBV infection, but it could be avoided by safe piercing practice. 48 Sexual intercourse, kissing, and other close contacts such as sharing toothbrush were main routes of HBV transmission among spouses. Numerous previous studies had found that infected spouse was one of the causes of HBV infection. 13, 19, 22, 42 HBV vaccine immunization was an effective approach to prevent HBV transmission among infected spouses in some studies. 17, 49 In our study, infected spouse was significantly associated with HBsAg and anti-HBc only in the unvaccinated group in 2006, which meant that individuals who were hepatitis B patients or carriers would be a threat to their unvaccinated spouses. Additionally, infected spouse was not significantly correlated with HBV infection in 2014. The reason for this difference might be due to the promotion of national health literacy.
In this study, we found that there was no statistically significant correlation between positive HBV serological markers and risk factors such as history of surgery, dental treatment, blood transfusion, and tattooing. Our result was partly inconsistent with existing research. 47, 50, 51 In conclusion, this study illustrates the risk factors of HBV infection among married individuals in the vaccinated and unvaccinated groups. The transmission of HBV has been well controlled by the HBV vaccine immunity policy implemented in Beijing. Unvaccinated individuals face much more HBV infection risk than those vaccinated, and we tentatively conclude that HBV vaccine could effectively protect people from the risk of HBV infection among married people.
Limitation
To our best knowledge, our study is the largest population-based investigation in Beijing, the data was collected by investigation, and there may be recall bias in this study. Information about screening before vaccination was not investigated. Additionally, HBV-infected status of individuals before marriage was not investigated, which would lead to overestimation of the RRof infected spouses.
